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"Of all the phenomena of drift none have been more difficult 
to explain by any theories in vogue among geologists, than these 
trains of angular bowlders. To make water the sole agent, as some 
theories' do, is the most unsatisfactory; for this could not alone 
have torn the blocks from their parent bed, and if it had been 
able to carry them forward at all, it must have rounded them.
The most plausible resort would be to glaciers; but the nature 
of the surface over which the trains have been strewed, forbids 
the idea of a glacier. Common icebergs are no more satisfactory; 
but if we suppose islands capped with ice, and this occasionally 
torn up by the waves, and carried forward with fragments of rock 
in their under side, torn off from the islands and dropped along 
the way, or perhaps ice-floes in like manner frozen to the shore 
and torn off and urged along the coast, there is some plausibility 
in the explanation."
Edward Hitchcock, 1861
Geology of Vermont, v. 1, p. 65.
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Figure 1. Map showing the Burlington drift border in central 
Vermont (from Stewart and MacClintock, 1969, fig. 15, published 
by permission of Dr. Charles G. Doll, Vermont State Geologist)
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Trip G-l
GLACIAL HISTORY OF CENTRAL VERMONT
by
Frederick D. Larsen, Department of Geology
Norwich University
Introduction
The area traversed on this field trip lies on the Barre, 
East Barre, and Montpelier 15' U.S.G.S, topographic maps in 
central Vermont. The terrain is underlain by eugeosynclinal 
rocks which range in age from Ordovician to Devonian. The 
rocks were tightly folded and intruded by granite during the 
Acadian orogeny 380 million years ago (Naylor, 1971). Erosion 
has produced, over much of the area, a crude trellis drainage 
pattern which is characterized by alternating linear ridges 
and subsequent valleys which trend north-northeast. Drainage 
passes via the Stevens Branch and the Dog River northward into 
the Winooski River, a major superposed stream, which flows 
west-northwest through the Green Mountains to Lake Champlain.
During the Pleistocene central Vermont was probably com­
pletely covered several times by continental ice sheets, how­
ever, there is no clear evidence which supports multiple gla­
ciation as it is known in the Midwest. The last ice sheet 
reached a maximum extent about 19,000 to 20,000 years ago on 
Martha's Vineyard (Kaye, 1964). Near Middletown, Conn., a re­
advance of the ice occurred before 13,000 years ago (Flint, 
1956), and the Highland Front moraine was constructed in 
southern Quebec about 12,700 years ago (Gadd, 1964). These 
facts have led Schafer (1967) and others to conclude that 
retreat of the active ice margin in northern New England 
was very rapid (1000 ft/yr) and that removal of the ice took 
place by regional stagnation or downwasting. Lack of moraines 
and ice-shove features in central Vermont implies that down- 
wasting was the dominant process during deglaciation.
Recently, the work of Stewart (1961), and Stewart and 
MacClintock (1964, 1969) has resulted in the controversial 
identification of three drift sheets in Vermont. Erom oldest 
to youngest they are: (1) Bennington drift, (2) Shelburne 
drift, and (3) Burlington drift. Separation of the drift 
sheets was made on the basis of striations and till-fabric 
studies which indicate that the Bennington and Burlington 
drift sheets were formed by ice moving from the northwest, 
whereas the Shelburne drift was oriented to the northeast.
The relationship between the Burlington and Shelburne drift 
sheets in central Vermont as visualized by Stewart and Mac­
Clintock (1969) is shown in figure 1. One of the purposes of
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Figure 2. Glacial striations, till fabrics, and crag-and- 
tail feature in study area. Solid triangles represent field 
trip stops. Dashed line represents border of Burlington 
drift (compare with fig. 1). Directional features measured 
by F.D. Larsen, J.M. Ayres, D.A. Howard, J.G. Kvelums, S.A. 
Lawler, D.W. MacCormack, R.P. Magnifico, V.R. Sosnowski, 
and Squier.
this trip is to inspect, in the field, the validity of the 
relationship between the Burlington and Shelburne drift sheets.
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Advance of Ice
During the last major advance of Wisconsin ice in central 
Vermont, movement was to the south and southeast across rugged 
terrain with relief on the order of 1000 to 2000 feet. In 
the area shown as Shelburne drift (fig. 1), mapping of striations, 
till fabrics, crag-and-tail features, and an indicator fan de­
rived from the Barre pluton, suggests ice movement to the 
south and southeast and not to the southwest as postulated 
by Stewart and MacClintock (1964, 1969). Striations and till 
fabrics mapped by glacial geology students at Norwich Univ. 
are shown in figure 2 (compare with fig. 1).
Indicator Fan: An indicator fan based on pebbles derived
from the Barre pluton was mapped during the summer of 1967.
The first 100 pebbles encountered at each of 57 till localities 
were collected, washed, and, if necessary for identification, 
cracked open. The bulk of the pebbles were of metamorphic prov­
enance comprising slates, phyllites, quartzites, and schists 
from the Waits River, Gile Mountain, Missisquoi, Stowe and 
Northfield Formations. However, 3 to 55 percent of the pebbles 
were of Barre-type granite, that is, light to medium gray granite 
with fine to medium texture. The percentage of granitic pebbles 
was plotted on a map and contoured with "isopers" (lines of 
equal percent) (fig. 3). The apparent long axis of the indica­
tor fan trends toward S 15° E. Granitic pebbles which lie north 
and west of the 10 percent isoper represent a background count, 
and are assumed to have been derived from granitic bodies at 
Adamant, Woodbury, Hardwick, and unknown localities. Granitic 
pebbles derived from the Knox Mountain pluton, located to the 
east and northeast of the Barre pluton, are undoubtedly mixed 
with those from the Barre pluton. Since the color and the tex-
300
l e g e n d
S i t e  o t  pebb le  c o u n t
and p e r c e n t  o t  g r a m t i  c
p e b b l e s
Knox Mountain
Granite
I s o p e r  ( l i n e  o t  e q u a l  
p e r c e n t )
>peg 5W / ;
\> sfS. dikes//y
A B a r r e  Quad 
B E a s t  B a r r e  Quad  
C R a n d o l p h  Quad 




Figure 3. Indicator fan of pebbles from the Barre Granite 
(location of bedrock exposures from Murthy, 1957).
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ture of granite from the two plutons is similar in appearance 
it is not possible to readily distinguish the source of peb- 
ble-size clasts. The Barre Granite is relatively homogeneous 
in texture and has few distinguishing features. In contrast, 
the Knox Mountain Granite is cut by numerous pegmatite dikes, 
and often contains garnets of pinhead size. Therefore, it is 
possible to identify the source of some of the larger erratics 
on the basis of features other than color and texture.
Boulder Train: East-west traverses in the area south of
the Barre pluton indicate that there is a sharp line separating 
terrain with few granitic erratics on the west from terrain with 
numerous granitic erratics on the east. This line trends due 
south from the westernmost bedrock exposures of Barre Granite 
and roughly parallels the 10 percent isoper on the indicator 
fan. Although detailed mapping of granitic erratics is in­
complete , the concentration of erratics is high in a north- 
south zone 0.5 to 2 miles wide and 10 miles long, and appears 
to decrease eastward over the next 3 to 4 miles, at which 
point erratics derived from the Knox Mountain pluton increase 
in numbers. A line representing the westernmost occurrence 
of granitic erratics with pegmatite dikes and/or pinhead gar­
nets extends S 5° F from the westernmost exposure of Knox 
Mountain Granite.
It appears that, extending due south from the Barre plu­
ton, there is a boulder train within a larger indicator fan 
which is defined by pebble counts, and which trends S 15° E.
If this is true, I suggest that the first glacial erosion of 
the Barre pluton was by an ice sheet moving to the southeast.
At this time, only pebbles and small erratics were being erod­
ed. At a later time, when erosion had cut deeper into the plu­
ton to pluck out large erratics, movement of the ice was due 
south. This suggestion of shift of movement from southeast to 
south has a precedent in diagrams of other Vermont indicator 
fans. As shown by Flint (1971, p. 178), indicator fans of 
Craftsbury Granite and a quartzite at Burlington have a long 
boundary stretching southward from a source area and a short 
boundary on the southeast side. This pattern may best be ex­
plained by a gradual shift in direction of movement from 
southeastward, as the ice sheet built up, to southward when 
the ice sheet reached a maximum thickness. Whatever the cause 
of this apparent or real discrepancy between the axes of the 
indicator fan and the boulder train, there is no evidence of 
major ice movement to the southwest in the vicinity of the 
Barre pluton as suggested by Stewart and MacClintock (1969).
Deglaciation
Downwasting of ice in central Vermont first witnessed 
the emergence of the Green Mountains as linear rows of nuna- 
taks. Evidence of vigorous fluvial erosion during the early 
stages of deglaciation comes from a large pothole on Burnt
302
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Figure 4. High-level lakes of central Vermont according to 
Stewart and MacClintock (1969, figs 18-22, published by per­
mission of Dr. Charles G. Doll, Vermont State Geologist). 
Only the lower half of the original figures were reproduced.
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Rock Mountain situated on the crest of the Green Mountains 
16 miles due west of Montpelier. The pothole, described by 
Doll (1936), is at an approximate elevation of 2820 feet. 
Continued downwasting resulted in long coalescent masses 
of stagnant ice filling the valleys of the Winooski River 
and its tributaries. Drainage in the main Winooski valley 
was blocked, therefore the surfaces of the ice masses prob­
ably rose to the northwest with a low gradient.
A sequence of early proglacial lakes that formed in the 
central Vermont area, according to Stewart and MacClintock 
(1969), is shown in figure 4. The sequence of diagrams clearly 
implies that thresholds at Roxbury and south of Williamstown 
are erosional, having been lowered 240 feet and 110 feet re­
spectively. It is the contention of this report that neither 
threshold was affected appreciably by runoff from glacial 
lakes (possibly 5 to 20 feet of till were removed from each 
threshold), because ice-contact features immediately north 
of each threshold are constructional in origin.
Proglacial lakes developed where north-flowing tribu­
taries, such as the Mad River, the Dog River, and the Stevens 
Branch, were dammed on the north by stagnant ice (further 
discussion of the Mad River is not included in this report).
These lakes drained southward over bedrock thresholds into 
the drainage system of the Connecticut River (fig. 5).
In the Dog River valley there are four groups of ter­
race levels, (1) 1010 to 1020 feet, (2) 910 to 920 feet,
(3) 740 to 760 feet, and (4) 640-680 feet, which punctuate 
the history of deglaciation into four stages. The first three 
groups of terraces consist mostly of constructional surfaces 
(deltas, kame deltas or kame terraces), and were controlled 
by proglacial lakes, the sequence of which depended upon the 
position of an ice margin during deglaciation. The fourth 
group of terraces is believed to be mostly erosional, as are 
terraces whose elevations do not fall within one of the four 
major groups
Stage I
Glacial Lake Roxbury: The highest terraces are associ­
ated with a lake which was controlled by a threshold at 1010 
feet elevation at Roxbury, and which drained southward by way 
of the Third Branch of the White River (fig. 5). This lake 
was first noted, but not named, by Merwin (1908, p. 124). It 
is named here glacial Lake Roxbury. The major evidence for a 
lake at 1010 feet is a large ice-contact delta (Stop 9) situ­
ated 1.3 miles north-northeast of Roxbury. Foreset bedding, 
ripple-drift cross-lamination, and dune bedding, each indicating 
a southward transport direction, are exposed in a sand and gravel 
pit, now used for a sanitary landfill. The contact between 
topset and foreset bedding at 1012i feet elevation is exposed 
in the southwest corner of the pit. The delta, 0.8 of a mile 
long, is a constructional feature since its surface is pock-
30if
Figure 5. Stage I, Lakes Williamstown, Roxbury, and Granville
Figure 6. Stage II, Lake Winooski
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marked with kettles on the north, and it was fed by a subglacial 
stream as indicated by an esker which extends 1.2 miles east- 
southeast from the head of the delta.
Retreat of the ice margin from the ice-contact deltas was 
accompanied by the northeastward expansion of Lake Roxbury.
Just how far north the 1010-foot lake extended is not known, 
however features in ice-contact gravels 1.0 miles north of 
Northfield indicate a transport direction to the south. Also 
ripple-drift cross-lamination in lacustrine sands at Riverton 
dips to the south. Three small 1000-foot terraces (kame deltas) 
on the east side of the Dog River valley at Northfield may or 
may not have been deposited in Lake Roxbury. The location of 
the three features in relation to the post office at Northfield 
is as follows: (1) 0.3 of a mile east, (2) 0.75 of a mile south, 
and (3) 1.4 miles south. Good exposures are lacking in the 
three deltas , therefore direction of transport and topset- 
foreset relationships are unknown.
Glacial Lake Williamstown: Shortly after the formation 
of Lake Roxbury, a proglacial lake developed in the valley of 
the Stevens Branch. The lake, named Lake Williamstown by 
Merwin (1908, pi. 21B), drained over a threshold at 915 feet 
elevation, 2.3 miles south-southwest of Williamstown (fig. 5). 
Southward dipping foreset beds in a kame terrace, 0.25 of a 
mile east of Williamstown, clearly indicate the former presence 
of a standing body of water. Drainage of the lake was to the 
south through Williamstown Gulf by way of the Second Branch 
of the White River. That stagnant masses of ice choked the 
Stevens Branch valley during deglaciation is shown by the 
plentiful occurrence of eskers and kame terraces for at least 
5 miles north of the threshold. The presence of unfilled 
kettles in the kame terraces testifies to the constructional 
origin of the land forms.
Continued downwasting and retreat of the ice margins 
bordering Lakes Roxbury and Williamstown finally resulted in 
the lowering of Lake Roxbury by 95 feet to the level of Lake 
Williamstown. This occurred when ice withdrew below the 1000 
foot contour (approximate) on the ridge separating the valleys 
of the Dog River and the Stevens Branch. The locality is on 
the Barre quadrangle, 2.5 miles north of Berlin.
Stage II
Glacial Lake Winooski: The second group of terraces in 
the Dog River valley, at 9"10 to 920 feet, lies 90 to 100 feet 
below the former level of Lake Roxbury. The features are best 
developed in the vicinity of Harlow Bridge School, 2.25 miles 
south-southwest of Northfield. A large delta, with surface 
elevations greater than 920 feet, is situated 0.6 of a mile 
west of Harlow Bridge School. Well developed terraces lie 
above the 900 foot contour northwest, southwest, and south of 
Harlow Bridge School.
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G illett  Pond
LAKE MANSFIELD
Figure 7. Stage III, Lake Mansfield. This map is intended 
as a first approximation only, and was obtained by tracing 
the 700-foot contour on the Lake Champlain sheet of the 
AMS 1:250,000 series.
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Foreset beds of fine sand and silt occur in a small pit 
0.1 of a mile southeast of the Harlow Bridge School. Here, 
ripple-drift cross-lamination at 850 feet elevation indicates 
that during deposition transport of sediment was to the north.
An area of hummocky ground with summits at 900 feet elevation 
extends for 1.2 miles south of Norwich University. The area 
has a core of bedrock and ice-contact stratified drift, the 
latter displaying features indicating a southward transport 
direction. Covering the bedrock and drift core is a mantle 
of sand and silt. The area probably was underlain by masses 
of buried ice which were covered by deltaic and lacustrine 
sediments deposited by Sunny Brook which enters the Dog River
1.8 miles south-southwest of Northfield. Melting of the ice 
blocks resulted in the collapse of the 900 foot delta surface. 
Similar collapsed topography occurs in the vicinity of the 
former Northfield dump, 1.0 mile north of Northfield.
The development of terraces and deltaic surfaces at 910 
feet elevation requires the presence of a lake at that approx­
imate elevation. This lake is glacial Lake Winooski (fig. 6) , 
which was formed by the coalescence of Lake Roxbury and Lake 
Williamstown. The development of a major new lake by the co­
alescence of two previously named lakes is assumed here to 
require a different name for the single lake thus formed.
Merwin (1908, p. 138) used the term "First Lake Winooski" to 
describe a lake which was blocked by an ice margin between 
Middlesex and Plainfield and lower portions of the valleys of 
the Dog River and the Stevens Branch. However, First Lake 
Winooski was "represented by an altitude of 745 feet at Plain­
field" (Merwin, 1908). It is not clear where the outlet of 
the lake was situated, however, Merwin must have assumed that 
it was over ice toward the west-northwest. In the stage 
following First Lake Winooski, Merwin shows Lake Mansfield 
with an outlet along the ice margin west of the Green Mountains. 
Because Lake Mansfield may be a valid term, and because the 
outlet of First Lake Winooski is questionable, the term Lake 
Winooski is used to describe the temporary proglacial lake 
which drained south through Williamstown Gap after the coalescence 
of Lake Roxbury and Lake Williamstown.
Stage III
Lake Mansfield: In the Dog River valley there is a wide 
range of constructional and erosional terraces below 900 feet 
elevation. However, the next most consistent group of terraces 
occurs between 740 and 760 feet. Union Brook, Cox Brook, and 
Chase Brook, southeast-flowing tributaries of the Dog River, 
have each built small deltas into a lake at this level at North­
field, Northfield Falls, and just north of Riverton, respective­
ly. Delta surfaces are common between 720 and 760 feet ele­
vation throughout the upper Winooski drainage area suggesting 
that they all share a common origin in a single lake. Since 













MONTPELIER QUAD PLAIN F IELD  QUAD
4 4 *  15 4 4 * 1 5BARRE QUAD EAST BARRE QUAD
Barre
North f ie ld
Barre
=• Wi l l iamstown
4 MILES
72 *  30
Figure 8. Route for Field Trip 6-1. Solid triangles denote 
stops.
309
ticut valley is the 915-foot threshold south of Williamstown, 
the outlet for a lower lake must lie west of the Green Mountains.
Merwin (1908) suggested the name Lake Mansfield (fig. 7) 
for a lake in the Winooski valley which had an outlet along an 
ice margin in the vicinity of Huntington. A possible outlet 
for Lake Mansfield lies just northeast of Gillett Pond, 2.9 
miles N 31° E of Huntington. However, the Gillett Pond thresh­
old lies at an elevation of 740 feet which is the same eleva­
tion as the terraces in the Dog River valley. Studies in south­
ern Quebec (McDonald, 1967), the Champlain valley (Chapman,
1937), and the lower Connecticut valley (Jahns £ Willard, 1942) 
indicate that regional tilting of the surface of New England 
has occurred since removal of the weight of the last continental 
ice sheet. The amount of tilt that has occurred since late- 
glacial time is on the order of 4 feet per mile. Since Gillett 
Pond lies 20 miles northwest of the Dog River valley (measured 
perpendicular to isobases), the outlet should be approximately 
80 feet higher than the 740-foot terraces in the Dog River 
valley. Since the Gillett Pond threshold lies at 740 feet 
(approximate), either (1) the outlet has been lowered 80 feet 
by erosion, or (2) the 740-foot terraces in the Dog River valley 
were deposited in higher lakes controlled by temporary thresh­
olds related to blocks of stagnant ice, or (3) some combina­
tion of these two has occurred.
Stage IV
Well-formed terraces occur at elevations of 640 to 680 
feet in the Dog River valley. Since these features are erosional 
and slope down valley, they can probably be related to one of 
two possible situations. The first is a glacial lake with a 
660-foot threshold through Hollow Brook, 2.0 miles S 36° W of 
Huntington. Diversion of drainage over the Hollow Brook thresh­
old would require blockage of the lower Winooski valley in 
the vicinity of Richmond following retreat of ice from the 
Gillett Pond outlet. If such a blockage did not control Stage 
IV terraces in the Dog River valley, then possibly they are 
graded to a level of Glacial Lake Vermont. Since close field 
inspection has not been made of possible thresholds west of 
the Green Mountains, the above discussion of Stages III and 
IV must be considered conjectural at this time.
Road Log
Mileage
START: MONTPELIER QUADRANGLE 
0.0 Begin mileage count and turn right at intersection of
Bailey Avenue (U.S. 2) and exit from Montpelier High 
School parking lot. The parking lot is on the flood 
plain of the Winooski River and was under 6 feet of 
water during the flood of 1927.
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0.1 Cross railroad tracks and turn left on Memorial Drive,
proceed east on U.S. 2 along the south bank of the 
Winooski River.
Continue straight ahead at traffic light,crossing Rt. 12.
0.6 Striated exposure of Waits River Formation on the right
(see fig. 2)
1.05 BARRE QUADRANGLE
2.2 Turn right (south) and follow U.S. 302 to East Barre.
Route leaves the Winooski River and follows the valley 
of the Stevens Branch.
3.0 Varved clay on the right represents bottom sediments of
glacial Lake Winooski, or glacial Lake Mansfield. In 
the spring of 1960, this locality was the site of an 
earthflow which covered 2 of the 3 lanes of the Barre- 
Montpelier Road.
3.3 Material and Soils Laboratory of the Vermont State High­
way Department on the left.
6.6 Rt. 14 enters from the left, continue straight ahead.
7.1 Bear right, then turn left around municipal park in the
center of Barre, follow U.S. 302. Road ascends to 720 
foot terrace (delta?).
7.2 EAST BARRE QUADRANGLE
7.5 Exposure behind gas station on the left has lacustrine
sand which contains angular ice-rafted pebbles, and which 
is overlain by till. Road enters the valley of the Stevens 
Branch.
8.6 View ahead of Cobble Hill.
9.3 View of Jail Branch section on left.
10.4 Turn left at junction of U.S. 302 and Rt. 110
10.5 Bear left at Y.
10.7 Bear left as 2 roads branch to the right.
11.3 Park on right at gravel pit in ice-contact stratified drift.
Cross road and walk southwestward across field to top of 
bank.
STOP 1. Jail Branch Section. From the base up, the section consists 
essentially of fine-grained lacustrine sediments (silt and clay) 
which grade upward into lacustrine fine sand and silt which, in 
turn, is overlain by gravel and sands of probable outwash origin, 
and finally till with large erratics of Barre Granite. This sequence 
is believed to be the result of blockage of the Jail Branch by ad­
vancing ice which finally encroached upon and overran a lacustrine 
sequence. The sequence is preserved because it is situated in the 
erosional shadow of Cobble Hill.
Retrace route to U.S. 302.
12.2 Continue straight ahead (south) crossing U.S. 302 and the
Jail Branch.
12.3 Turn left at Y, follow Rt. 110.
12.4 Bear right, leaving Rt. 110, on road to Upper Graniteville.
13.1 Turn right (west) on dirt road which passes several large
grout sites.
13.4 Park on right side of road.
311
STOP 2. A brief photographic stop at abandoned quarry to view 
sheeting in the Barre granite.
13.9 View of Jail Branch section and Cobble Hill to the right.
14.2 Stop sign, turn left (south).
15.4 Turn left (southeast).
15.6 Rock of Ages Tourist Center on the right.
15.7 Park on right side of road adjacent to Rock of Ages quarry.
STOP 3. Gray till overlies Barre granite and basic dike. The 
till contains numerous striated clasts of calcareous quartzite 
derived from the Waits River Formation. Striae on granite trend 
due south.
Proceed straight ahead, roads enter from the right, then 
from the left.
16.3 Continue straight (south) at crossroad.
17.4 Park on right side of road, walk to top of Mount Pleasant,
elevation 2 0 6 3’ .
STOP 4. Barre Granite Indicator Fan and Boulder Train. Mount Pleasant 
is underlain by gray phyllite and slate of the Gile Mountain Formation. 
However, the top is covered with numerous granite erratics of medium- 
grained, gray granite. The nearest outcrop of Barre granite lies 
0.6 miles to the north and 500 feet lower than the summit of Mt. 
Pleasant.
Return to cars, proceed straight ahead.
17.5 Make U-turn in driveway of summer home.
18.6 Turn left (west) at crossroad.
19.1 Continue straight ahead with caution, road enters from the
right.
19.9 Turn left (south) to Baptist Street.
20.4 Bear right as route enters Baptist Street.
20.9 BARRE QUADRANGLE
21.1 View to the west of Paine Mountain and the Green Mountains.
23.1 Jackson Corner, continue straight ahead.
23.3 Park on right side of road.
STOP 5. White Rock. A mass of vein quartz measuring 115 x 45 x 15 
feet is the crag of a large-scale crag-and-tail feature. The axis 
of the tail trends due south supporting the contention that the 
last important ice movement in this area was due south. Numerous 
blocks of vein quartz may be found located in a stone wall 375 feet 
south of White Rock.
Return to cars, reverse direction either by backing up or 
by proceeding south to farm at end of road.
23.5 Turn left at Jackson Corner, road descends into the valley
of the Stevens Branch.
25.5 Turn left (south) on Rt. 14, gravel pit on west side of
valley is in ice-contact stratified drift graded southward 
to the threshold of glacial Lake Williamstown.
26.3 Esker on the left.
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26.7 Cutter Pond, elevation 912 feet on the left.
26.8 Threshold of glacial Lake Williamstown, approximate
elevation 915 feet. Road descends into Williamstown Gulf,
a V-shaped valley deepened by the outlet from glacial 
Lake Williamstown.
28.3 Turn to the right into parking lot of restaurant in
Williamstown Gulf, make U-turn with caution and rejoin 
Rt. 14 north.
28.8 Turn left on dirt road.
30.0 Stop at Staples Pond, elevation 890 feet.
STOP 6. Outlet of Lake Williamstown and Lake Winooski. During 
deglaciation, when drainage to the north was blocked by stagnant 
ice, Lake Williamstown formed north of Cutter Pond and drained 
southward through this area to Williamstown Gulf.
30.9 Turn left (north) on Rt. 14, proceed to Williamstown.
33.1 Turn right into yard of Burrell Roofing Company
STOP 7. Ice-contact features at Williamstown. The sheet metal 
shop is located at the south end of a discontinuous esker which 
shows on the Barre quadrangle as a single closed contour at 880 
feet elevation. Foreset beds and ripple-drift cross-lamination 
dip to the south. Collapsed and faulted beds are common behind 
the sheet metal shop and in a small pit 100 feet to the north.
The view to the northeast is of a partially excavated kame delta 
with foreset beds which dip to the south. In view of the wide­
spread occurrence of ice-contact features deposited in relation
to the 915-foot threshold of Lake Williamstown, the topography 
is considered to be constructional.
Proceed north on Rt. 14.
33.4 Turn left (west) leaving Rt. 14 at center of Williamstown.
34.6 Bear right at Y.
35.6 View left (east) into the valley of the Stevens Branch.
36.1 Drainage divide, elev. 1715 feet, enter drainage basin of
Dog River.
37.5 Pass under 1-89, several sharp curves ahead.
40.2 Stop sign, turn right (northeast) on Rt. 12 in the village
of South Northfield (!) situated in the valley of Sunny 
Brook.
40.5 Turn left (west) on dirt road which leaves Rt. 12 and
follows Sunny Brook.
41.1 Stop sign, turn left (south), follow Rt. 12A and Dog
River valley to Roxbury.
46.3 Turn right to railroad depot at Roxbury.
STOP 8. The depot at Roxbury is situated on the drainage divide of 
a small through valley. The Dog River descends from the slope on 
the west and turns to the north, whereas the Third Branch of the 
White River enters the valley from the east and turns to the south. 
The drainage divide, at an elevation of 1010 feet, is the former 
threshold of glacial Lake Roxbury.
Proceed north on Rt. 12A.
46.8 Camp Teela-Wooket on the right.
47.0 Rt. 12 passes through terrace graded southward to the
Roxbury threshold.
47.2 Terrace on the right.
47.6 Rt. 12 rises on the front of ice-contact delta.
47.8 Turn right into gravel pit being used as sanitary landfill
dump.
STOP 9. Ice contact delta. Foreset bedding, dune bedding, ripple- 
drift cross-lamination, and imbricate structure indicate southward 
transport of sediment during construction of the delta. Maximum 
height of foreset beds overlain by topset beds is on the order of 
1012 to 1015 feet indicating deposition in a lake whose elevation 
was controlled by the Roxbury threshold. Collapsed bedding, kettles, 
and an esker, which extends 1.2 miles down the Dog River valley, 
give evidence of an ice-contact origin for the delta. Headward 
erosion increased the length of the gully at the southeast corner 
of the pit by 50 feet between October, 1970, and October 1971.
Return to Rt. 12A, proceed north.
48.7 Railroad overpass and bridge over Dog River.
50.1 Park on right side of Rt. 12A, cross wooden bridge over
Dog River, enter pit.
STOP 10. Neun Pit (tentative stop). Sediments in the lower portion 
of pit are gravel, sand, and silt which display foreset beds (bar 
slip faces?) and dune bedding which indicate transport of sediment 
to the west, or up the Dog River valley. Transport direction in 
the overlying stream gravel was to the east as shown by imbrica­
tion of pebbles. The lower sediments are assumed to be ice-contact 
deposits formed by a subglacial stream flowing into Lake Roxbury.
The upper stream gravels were deposited by the Dog River which, at 
the time of deposition, was graded to Lake Mansfield or to later 
stage deposits.
Proceed north on Rt. 12A.
50.5 Cross Dog River in middle of Northfield Country Club. Sky­
line to the left (north) is the surface of a 920-foot delta 
formed in Lake Winooski. Note terraces on the golf course 
at the right.
51.3 Pass under Harlow Bridge, scene of famous 1867 railroad
disaster in which several railroad cars were accidently 
pushed from half-completed bridge.
51.4 Harlow Bridge School on left. Pit to the right on Bull
Run Road has fine sand in bottomset beds, or low-dipping 
foreset beds, deposited in Lake Winooski. Ripple-drift 
cross-lamination at 850 feet elevation dips to the north.
51.9 Bridge over Sunny Brook. For the next 0.8 of a mile hum­
mocky ground lies on the right.
52.7 Stop sign, turn left (north) on Rt. 12.
52.8 Turn left at small park.
52.9 Park on right for brief rest stop at Norwich University.
Proceed north on Rt. 12 through the village of Northfield.
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53.7 Downtown Northfield (Depot Square).
53.8 Bridge over Dog River.
53.9 Traffic light, terrace to left is surface of 740-foot
delta built into Lake Mansfield.
54.6 Bridge over Dog River.
54.7 Turn right (east) on dirt road just past Catholic Ceme­
tery. Road rises to 700-foot terrace.
54.9 Park on right, walk south along 700-foot terrace to
former site of Northfield town dump.
STOP 11. Collapsed lacustrine sediments are exposed in a face 
200 feet long and 15 to 30 feet high. Thick layers of fine 
sand and silt at the base grade upward into thin layers of varved 
silt and clay. Ripple-drift cross-lamination in the sand layers 
dips to the north. Angular, ice-rafted clasts of fine-grained 
chlorite schist and greenstone occur in a layer about 10 feet 
above the base of the section. Striations occur on a green­
stone clast which measures 2* x 2' x 1'. The occurrence of 
fine-grained lake-bottom sediments at elevations up to 760 feet 
suggests deposition in glacial Lake Winooski (Stage II). The 
presence of angular clasts testifies to the presence of ice­
bergs in the lake>and large scale collapse,as shown by dipping 
and faulted beds,indicates lacustrine sedimentation over buried 
ice. Large folds formed by collapse were once exposed in a 
lower portion of the pit now covered by the dump. Gravel over­
lies collapsed and truncated layers of fine sand at the right.
55.1 Turn right (north) on Rt. 12.
55.2 In the pit at the right ice-contact gravels with features
indicating southward transport capped by stream gravels 
with imbrication suggesting northward transport. The 
stream gravels are the same deposits that underlie the
700-foot terrace at STOP 11.
55.8 Turn left (west) at IGA Store in Northfield Falls, con­
tinue through covered bridge over Dog River and over 
railroad tracks.
55.9 Turn right (north) just beyond railroad tracks.
56.3 Terrace at 660 feet elevation underlies red barn on the
right. Road ascends bedrock spur.
56.5 Brief photographic stop on the right, time and weather
permitting.
56.7 Road descends to 680-foot terrace with view of three
erosional terraces below. Exposure to the right is in
ice-contact gravels with directional features oriented 
to the south.
57.1 Road drops to 660-foot terrace.
57.3 Road drops to brook and reascends to 660-foot terrace.
57.9 Entrance to gravel pits on the right.
58.1 Turn right into driveway which circles West Berlin (River­
ton) School and park.
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STOP 12. Riverton Water Gap. During Stage III a 740-foot delta 
was apparently deposited across the preglacial course of the Dog 
River, 0.6 of a mile due north of the West Berlin School. Low- 
ering of Lake Mansfield, caused by a change in outlets west of 
the Green Mountains, Dermitted the superposition of the post­
glacial Dog River across a bedrock spur 0.7 of a mile north- 
northeast of West Berlin School.
Proceed north on dirt road.
58.3 Stop sign, bear left (north) on Rt. 12.
58.9 Riverton water gap. Bedrock exposed is fine-grained
chlorite schist of the Cram Hill Member of the Missis­
quoi Formation.
60.0 Slump terracettes on the left.
60.5 Turn left (northwest) on road to pit.
STOP 13. Herring Pit (tentative stop). Ice-contact stratified 
drift with features indicating southward transport occur at 
elevations up to 680 feet.
Proceed north on Rt. 12.
61.3 Abandoned potholes occur in a railroad cut behind a
trailer on the left. They appear to have been cut by
the Dog River before the last glacial advance because
they probably were filled with lacustrine sediment that 
occurs adjacent to the railroad cut.
61.5 Road follows flood plain of the Dog River for 1.1 miles
62.5 Turn left (northwest) on dirt road.
62.6 Turn left (southwest) to exposure.
STOP 14. Collapsed mass of ice-contact stratified drift. The 
exposure is all that remains of a small hill 0.4 of a mile south­
east of the point where the Dog River leaves the Barre quadrangle 
The original feature was 500 feet long and over 50 feet high.
All types of glacial sediments, including till, have been 
in the hill as it was being reduced by man. Highly distorted 
clay-silt varves presently overlie boulder gravel on a contact 
that strikes N 15° E and dips 40° northwest. Is the 
a constructional or an erosional land form?
Return to Rt. 12, proceed north.
63.1 Enter Montpelier
63.4 MONTPELIER QUADRANGLE
64.0 Traffic light, turn left (west) on U.S. 2.
64.4 Turn right over railroad tracks.
64.5 Turn left into parking lot of Montpelier High School.
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"We are unable to adopt these views; first, because all 
known glaciers are confined to valleys, though at their head 
they may be connected with extensive fields of ice, capping 
the summits of the mountains: secondly, because no known glacier 
is more than 50 or 60 miles wide (the great glacier called Hum- 
bolt, in Greenland, described by Dr. Kane, is of this width), 
whereas the ancient American glacier must have been at least 
2500 miles wide, and have spread over all the mountains as well 
as valleys, and often have been obliged to move up hill as well 
as over a level surface: thirdly, because in our country we have 
two and probably three prominent directions to our drift, and 
it is difficult to see how one glacier would have moved in so 
many directions, especially as the most usual course of the striae 
in New England does not follow a valley, but crosses over mountains 
obliquely."
. . . .Edward Hitchcock, 1861
Geology of Vermont, v. 1 , p. 91.
